The length-weight relationship, condition factor, fecundity, gonadosomatic and hepatosomatic indices of Parachanna obscura from the Anambra River were determined between December 2015 and June 2016. Eighty-three live samples of P. obscura were obtained from fishermen. Descriptive statistics, correlation and regression analysis were used to analyze the obtained data. The length-weight relationship had R values of 0.933, 0.843 and 0.896 for male, female and combined sexes, respectively. The b value of 3.133 for male and 2.674 for female were not significantly different (P>0.05). Mean condition factors of 0.89±0.33 and 0.80±0.21 were obtained for female and male, respectively. The largest number of eggs (10,965) was found in a female with the body weight of 154 g, gonad weight of 9
INTRODUCTION
Parachanna obscura is an important food and aquarium fish that is widely loved in Africa for its gastronomic qualities (Whenu and Fagade, 2012) . However, this fish has been documented by IUCN (2016) as an endangered species. A better understanding of the natural populations of this fish is needed for proper conservation and exploitation. For ages, studies on the length-weight relationship, condition factor and fecundity are imperative for proper management decisions and conservation of aquatic resources. They are important prerequisites to a more detailed study on their breeding and production. Condition factor is essential in understanding the life cycle of fish species and contributes to adequate management of these species (Imam et al., 2010) . The length-weight relationship is a useful tool in fish growth pattern (Pepple and Ofor, 2011) and for the estimation of mortality, recruitment and other parameters of population. Such information is also important for fish stock assessment and understanding the population dynamics, which could serve as a valuable and useful tool in the management of the species. The Anambra River is a major source of P. obscura and other wild caught fishes all year round in South East Nigeria (Eyo and Mgbenka, 1992) . Jamu and Ayinla (2003) reported that the fish yields of most Nigeria's inland waters were generally on the decline. However, Anyanwu et al. (2009) reported the fisheries economy of this river was profitable and suggested that scientific measures be taken to sustain this. An understanding of the fisheries of this river will contribute to the goal of its sustainable exploitation and utilization of its resources. Therefore, this study investigated the length-weight relationship, condition factor and fecundity of P. obscura in Anambra State.
MATERIALS AND METHODS

Experimental site
This study was carried out in the River Anambra, South East Nigeria. The River basin lies between latitudes 6°10 ' and 7°20 ' N and longitudes 6°35 ' and 7°40 ' E in the Southeast of Nigeria.
Collection of specimens
Eighty three P. obscura samples were obtained from the fishermen's catch at Otuocha landing site of the Anambra River, Nigeria between December 2015 and June 2016. The fish were transported in a 50-litre keg to the Fisheries Laboratory of Department of Fisheries and Aquaculture Management, Nnamdi Azikiwe University, Awka, Nigeria. Morphometric analysis Body weight was measured to the nearest 0.1 g, total length and standard length were measured to the nearest 0.1 cm. The length-weight relationships were determined by linear regression techniques for both sexes, as well as length and weight of the fish, using the following equation W= aL b (Ricker, 1971) . Taking the logarithm: Log W= Log a+b Log SL Where W = Weight of the fish (g) SL = Standard length of the fish (cm) a =the regression constant which is also the intercept b = the regression of coefficient
Condition factor (K)
The condition factor which measures the relative wellbeing of the fish was calculated for both sexes using K = 100W/L 3 by Tesch (1978) :
Gonadosomatic index (GSI)
The fish were dissected and the ovaries were exposed and were taken out carefully. Weight of gonads was taken with weighing balance and finally the GSI value of the specimen was calculated. This was expressed as percentage of the gonad weight (GW) in terms of body weight (BW) of the fish (Afonso-Dias et al., 2005) . GSI = Gonad weight (g)/Body weight (g) x 100
Hepatosomatic index (HSI)
The fish liver were carefully removed and weighed on electronic scale to the nearest 0.01 g. The hepatosomatic index (HSI) was calculated as a percentage of the liver to the body weight using HSI = Liver weight (g)/Body weight (g) x 100
Fecundity determination
Samples of a known weight were taken from the anterior, middle and posterior regions of each ovary and kept in a bottle containing 10% formalin solution for preservation. The subsamples were preserved in 10% formalin solution.
After 24 hrs eggs became larger and separated from each other. The eggs in the subsamples were counted under a magnifying glass and weighed. Thereafter, the mean values of eggs were computed. Then the fecundity of the collected specimens was calculated according to Yeldan and Avsar (2000) . Using: 
Data analysis
The condition of the fish was expressed by Fulton's condition factor (K), calculated using the formula: K= 100W/L 3 . Descriptive statistics and regression analysis were used to analyze the morphometric parameters. Relationships between variables (length vs. weight, fecundity vs. body weight/length) were analyzed using correlation analyses.
RESULTS
Length-weight relationship
A total of 83 samples of P. obscura were examined in this study, of which 36 were females and 47 were males. The samples ranged in total length from 18.70 to 34.50 cm with the mean of 26.16±4.41 cm, and from 17.20 to 34.70 cm with the mean of 25.76±3.58 cm for male and female, respectively. The total weight ranged from 47.00 to 320.00 g with the mean of 156.11±82.66 g, and from 40.00 to 355.00 g with the mean of 157.97±74.18 g for male and female, respectively, as presented in Table 1 . The regression model indicating the relationship between length-weight of male, female and combined sexes of P. obcura had R 2 values of 0.870, 0.709 and 0.803, respectively, at significant level of P<0.05. Coefficients of length (b) of male (with value of 3.133) were positive while those of the female and combined sexes (with values of 2.674 and 2.956, respectively) were negative. Condition factor (K) 
Hepatosomatic index (HSI) and gonadosomatic index (GSI)
Presented in Table 2 are the mean and range values of HSI and female GSI of P. obscura. The hepatosomatic index ranged between 0.31 and 1.56 with the mean of 0.64±0.29, and between 0.22 to 1.06 with the mean of 0.55±0.20 for both female and male, respectively. The statistical analysis indicated that there was no significant difference (P>0.05) in the mean HSI for both sexes. However, the GSI ranged between 0.50 and 5.84 with the mean of 2.05±1.44.
Fecundity
Fifty per cent of the female P. obscura studied was found to be fecund (Table 3 ). The highest number of eggs (10,965) was found in a female with the total length of 26.2 cm, body weight of 154 g, gonad weight of 9.1 g and egg size recorded was 1.3 mm. Meanwhile, the smallest fecund female had 1820 eggs which measured 22.1 cm in total length, 94 g in body weight, with gonad weight of 2.1 g and egg size of 1.0 mm.
Fecundity, egg size and some growth and reproductive parameters
The relationships of fecundity with gonad weight and egg size were significant (P<0.05), as shown in Table 4 . There were strong correlations between total length and standard length. Fecundity was weakly correlated with total length and standard length. However, there were negative correlations between fecundity and condition factor, egg size and condition factor, total length and condition factor with the values of -0.113, -0.030 and -0.270, respectively. Among all correlated variables, fecundity and gonad weight were the highest. This was closely followed by total length and standard length.
DISCUSSION
The results of the present study revealed that P. obscura exhibited negative and positive allometric growth pattern with regression analysis exponent b values less than and greater than 3 in females and males, respectively. The 'b' values in length-weight relationships determine the growth pattern of the fish species. Though the b values for both sexes were not significantly different, the result conforms to the observations of Osho et al. (2014) (Abowei et al., 2009 ). The present results may be attributed to age, sex, sampling methods, sample size, as well as the prevailing ecological conditions in the water (Obasohan et al., 2012) . The study showed the condition factor of P. obscura from the Anambra River ranged between 0.89 and 0.80 for males and females, respectively. Condition factor is an index used for monitoring feeding intensity, age and growth rate in fish. It is strongly influenced by both abiotic and biotic environment conditions and can be used to assess the status of the aquatic ecosystem in which fish live (Anene, 2005) . It was reported by Odo (2007) that (combined sexes) from the Anambra River some of the water quality parameters were unsuitable for aquatic biota and fish production in the Anambra River. Oil exploration and exploitation in the Niger Delta of Nigeria have been seen as the major sources of threats to environmental management and sustainability of this river (Obiakor et al., 2014) . The results of condition factor were less than 1 and are in tandem with the findings of Obasohan et al. (2012) who recorded values less than 0.5 and 0.9 for Papyrocranus afer and P. obscura, respectively. These results may be attributed to different factors such as sex, age, state of maturity, size, state of stomach fullness and environmental factors affecting fish in water bodies (Ama-Abasi, 2007; Yem et al., 2007; Adeyemi et al., 2009 ). The sampled fish exhibited wide variations in the number of eggs, with larger samples producing more eggs than the smaller ones. However, the highest number of eggs was not found in the largest fish and the lowest number of eggs was not found in the smallest fish. Different fish species present a lot of differences in their reproductive potential (Murua et al., 2003) . Fecundity of fishes varies, depending on the reproductive characteristics of a species, changes in environmental conditions such as temperature, food availability, habitat and predation intensity (Murua et al., 2003) . Similarly, Mekkawy and Hassan (2011) associated changes in fecundity with age, sex, size weight, gonad weight and locality. Olurin and Savage (2011) reported a range of 1711 to 4000 for P. obscura weighing between 161.94 and 380.78 g from the Oshun River, Southwest Nigeria. There was a high correlation coefficient between the Fecundity (F) and Gonad Weight (GW), which is r = 0.992. This result corroborated with the findings of Rheman et al. (2002) reported for Liza parsia. Similar findings were also reported by Shinkafi and Ipinjolu (2012) . There was a moderate correlation between fecundity and body weight. This result is in line with the findings of Shaheena (2012) from Dal Lake Kashmir for Carassius carasssius. Fecundity also correlated to length and weight in P. obscura (Victor and Akpocha, 1992) . According to Hulata et al. (1974) , large egg size enhances fry and larval viability due to its higher yolk content, and hence food supply to the larva. In this present study, the egg size ranged between 0.90 and 1.30 mm, which were fairly large. Olurin and Savage (2011) reported egg size which ranged between 0.88 and 1.11 mm for snake head fish from the River Oshun. There was strong correlation coefficient between fecundity and egg size, which is r = 0.822. The result indicated that the number of eggs will increase by 82% as the weight of gonad increases. The result also revealed that gonad weight will increase as the body weight increases. In this study, the GSI in the females ranged between 0.50 and 5.84. Olurin and Savage (2011) observed a range between 1.10 and 2.80 for P. africana from the River Oshun. The hepatosomatic index of this present study ranged from 0.31 to 1.56, and between 0.22 to 1.06 for male and female P. obscura, respectively. This result showed that hepatosomatic indices of male were higher than those of female P. obsura. Kareem et al. (2016) reported that a fish living in favourable environment in terms of food availability and good environmental conditions grow faster with K ≥ 1. However, most of the documented condition factor results of P. obscura from Nigeria's freshwater environment have reported values less than 1. Obasohan et al. (2012) 
SAŽETAK DUŽINSKO-MASENI ODNOS, FAKTOR KONDI-CIJE I PLODNOST AFRIČKE ZMIJOGLAVE RIBE
Parachanna obscura IZ RIJEKE ANAMBRA, JU-GOISTOČNA NIGERIJA
Utvrđen je dužinsko-maseni odnos, faktor kondicije, plodnost te gonadosomatski i hepatosomatski indeksi za Parachanna obscura iz rijeke Anambre. Od ribara je dobiveno 83 živih jedinki P. obscura. Za analizu dobivenih podataka korištena je deskriptivna statistika, korelacijska i regresijska analiza. Odnos dužine i mase imao je R vrijednosti 0,933, 0,843 i 0,896 za muške, ženske i kombinirane spolove. Vrijednost b je varirala od 3,133 za mužjake i 2,667 za ženke i nije se značajno razlikovala. Faktor kondicije je iznosio 0,89 ± 0,33 i 0,80 ± 0,21 za ženke odnosno mužjake. Najveći broj jaja (10.965) nađen je u ženki tjelesne mase 154 g, mase gonada 9,1 g i veličine jaja 1,3 mm. Najmanje plodna ženka je bila s 1820 jaja, mase (94 g), masom gonada 2,1 g s veličinom jaja 1,0 mm. Hepatosomatski indeksi bili su u rasponu od 0,55 ± 0,20 do 0,64 ± 0,29 u mužjaka odnosno ženki, dok je prosjek gonadosomatskog indeksa ženki iznosio 2,05 ± 1,44. Utvrđena je pozitivna korelacija između plodnosti i mase gonada.
Ključne riječi: Alometrijski rast, masa gonada, hepatosomatski indeks, gonadosomatski indeks.
